Arthrofibrosis is a major complication of tibial spine fracture treatment in children, potentially resulting in knee pain, quadriceps weakness, altered gait, decreased function, inability to return to sports, and long-term osteoarthritis. Thus, prevention rather than treatment of arthrofibrosis is desirable. The purpose of this study was to evaluate an aggressive postoperative rehabilitation and early intervention approach to prevent permanent arthrofibrosis after tibial spine fracture treatment and to compare epiphyseal and transphyseal screws for fixation.
A rthrofibrosis after tibial spine fracture is a major complication associated with poor clinical outcomes. [1] [2] [3] [4] The definition of arthrofibrosis of the knee varies in the literature. 5 In simpler terms, any symptomatic loss of knee motion constitutes arthrofibrosis. In 1996, Shelbourne et al 6 introduced a classification system by comparing the loss of motion in the affected knee with the normal contralateral side. For the current study, arthrofibrosis was defined as loss of 5° or more of extension or 15° or more of flexion when compared with the contralateral knee. 7 Once established, arthrofibrosis is difficult to treat and is often permanent. 4, 7 Even minor losses of knee motion have been associated with limp, pain, disability, and osteoarthritis at long-term follow-up. 8, 9 The primary goal of the current study was to evaluate the results of an aggressive postoperative rehabilitation and early intervention approach in a consecutive series of patients treated with arthroscopic reduction and internal fixation of tibial spine fractures.
Arthroscopic reduction and internal fixation with screws is an accepted treatment modality for displaced fractures. [10] [11] [12] In skeletally immature patients, the screw can be placed either in the epiphysis (transepiphyseal or epiphyseal screw) or through the proximal tibial physis (transphyseal screw) (Figure 1) . The secondary goal of this study was to compare the results of epiphyseal screws and transphyseal screws in skeletally immature patients, with final range of motion as the primary outcome measure.
Materials and Methods

Patient Sample
Institutional review board approval was obtained prior to initiation of this study. From 2006 through 2011, 25 consecutive patients younger than 18 years with displaced (Meyers and McKeever types II and III 13 ) tibial spine fractures underwent arthroscopic reduction and screw fixation.
One patient did not return for follow-up and was excluded from the study. Of the remaining 24 patients, 3 were skeletally mature; these 3 patients were included in the study for outcome analysis but excluded from the comparative analysis between epiphyseal and transphyseal screw groups because their proximal tibial physis was closed.
Fracture Management
The authors' treatment protocol for displaced tibial spine fractures involved knee arthroscopy, arthroscopic fracture reduction, and stainless steel screw fixation. Five surgeons were involved in the treatment of these fractures, and the use of an epiphyseal screw or transphyseal screw was partly based on surgeon preference. In most cases, an epiphyseal screw was placed through a medial midpatellar portal, but if secured bony fixation was not achieved, the epiphyseal screw was exchanged for a transphyseal screw. A washer was typically used with the screws to achieve uniform compression of the bony piece. The number (1 or 2 screws) and size (3.5, 4, or 4.5 mm) of the cannulated screw was dependent on the size of the fractured fragment and the size of the knee. Postoperatively, an above-knee cast (typically for patients younger than 10 years) or a knee immobilizer (typically for patients older than 10 years) was used. Similarly, for children with a postoperative cast, weight bearing was initiated after removal of the cast. For adolescent patients, immediate toe-touch weight bearing with crutches was initiated. Physical therapy for range of motion was started after the first postoperative week in patients with a knee immobilizer. According to the physical therapy protocol, 0° to 90° of knee motion was expected at 4 weeks and 0° to 120° of knee motion at 6 weeks. Between 8 and 12 weeks postoperatively, full range of knee motion comparable with the contralateral knee was expected. For patients with a postoperative cast, physical therapy was initiated after removal of the cast, typically at approximately 4 weeks.
For all patients with transphyseal screw fixation, irrespective of knee motion, the screw was removed through a subsequent arthroscopic surgical procedure at approximately 3 months postoperatively. For patients with epiphyseal screw fixation, screw removal was performed if the patient had pain with extension or the inability to achieve full extension. At the time of screw removal, debridement of the anterior scar tissue in the area of injury and surgery was performed. Fluoroscopy was used to localize the screw because overgrowth of soft tissues typically covered the screw head. If extension was not achieved, a femoral notchplasty was performed. For loss of flexion, knee manipulation was performed at the time of screw removal. After screw removal, physical therapy was continued to maintain range of motion. Patients were typically released to full activities between 4 and 6 months after initial surgery. Follow-up radiographs at regular intervals were performed after removal of a transphyseal screw for assessment of any growth disturbances.
Statistical Analyses
Patients with epiphyseal and transphyseal screws were compared using Fisher's exact and chi-square tests for categorical variables and the Mann-Whitney U test for continuous variables. The nonparametric Mann-Whitney U test was chosen due to the small sample size and skewed distribution of data, and accordingly, medians and interquartile ranges are reported instead of means and SD. Spearman's rank correlations were used to determine whether any variables were associated with loss of range of motion before screw removal. A P value less than .05 was considered statistically significant.
results
Twenty-four patients with an average age of 11.5±2.9 years (range, 6-17 years) who underwent arthroscopic reduction and screw fixation of a tibial spine fracture were identified ( Table 1) . Excluding 3 patients with delayed presentation (42 days, 61 days, and more than 1 year after injury), mean time between injury and surgery was 10.6±5.9 days (range, 1-22 days). Besides knee arthroscopy, 3 patients had a mini-open arthrotomy during the index surgery, with 2 addressing associated injuries and 1 achieving fracture reduction. Physical therapy was started at a mean of 21.9±18.6 days postoperatively, as patients were weaned off immobilization.
Clinical Outcomes
Except for 1 patient who presented late for follow-up, mean time for screw removal in 13 of 24 patients was 103.5±40 days. Eight of 24 patients had objective signs of anterior laxity, as determined by Lachman's test, but no patients had symptomatic instability. Patients in the transphyseal group were followed for a mean of 17.6 months to document radiographic evidence of growth (Figure 2) . At latest follow-up, a mean of 18.6 months after screw removal, none of the patients had permanent arthrofibrosis. There was no significant association between the loss of range of motion prior to screw removal and age (r=-0. 19 
Treatment Comparison
When comparing the epiphyseal and transphyseal groups, there were no statistically significant differences in patient age, sex, type of fracture, mechanism of injury, number of days from injury to surgery, type and duration of postoperative immobilization, or number of days from surgery to physical therapy ( Table 2) . Once the fracture had healed, 4 patients in the epiphyseal group and all patients in the transphyseal group underwent arthroscopic screw removal. In the epiphyseal group, 8 of 12 patients had pain-free full range of motion at 3 months postoperatively ( Table 2) . Four patients underwent arthroscopic debridement and removal of screw, with 3 lacking 5° to 15° of extension and 1 experiencing pain with extension ( Table 3) . One of these 4 patients, with radiographic evidence of postoperative loss of reduction and resultant malunion of the fracture, lacked 5° of knee extension but regained full range of motion after debridement and screw removal (Figure 3) . In the transphyseal group, 5 n Feature Article n Feature Article of 9 patients had full range of motion at 3 months postoperatively. Three patients had 10° loss of extension, and all corrected after arthroscopic debridement and screw removal. One patient lacked 10° of flexion compared with the contralateral side but regained full flexion after manipulation under anesthesia at the time of screw removal ( Table 3 ). There were no statistically significant differences in the time to hardware removal, time to return to sports, or final range of motion between the epiphyseal and transphyseal groups ( Table 2 ). For the 3 skeletally mature patients, 1 patient underwent debridement and screw removal.
discussion
The treatment of tibial spine fractures has evolved since it was first described in 1907.
14 Arthroscopic or open reduction and fixation with sutures or screws has become the mainstay of treatment for displaced tibial spine fractures. 15 Although excellent results have been reported with these techniques, arthrofibrosis continues to be one of the major complications following treatment of these fractures. 3, [16] [17] [18] Although the classification of tibial spine fractures by Meyers and McKeever 13 is widely used, the conclusion of their study that "full motion is the rule" and "no elaborate fixation is needed" does not hold true. The rate of arthrofibrosis after treatment of tibial spine fractures has been reported to be as high as 60%. 1, 19 The consequences of permanent arthrofibrosis could be devastating, with significant clinical implications, including knee pain, quadriceps weakness, altered gait, decreased function, and difficulty in returning to sports. 8 Also, the treatment of established arthrofibrosis in children and adolescents is associated with significant morbidity, including growth disturbances, distal femoral fractures, and the inability to regain full motion. 3, 4 Thus, prevention rather than treatment of permanent arthrofibrosis is of the utmost importance. 20 The current authors agree with Noyes et al 20 that the initial phase of arthrofibrosis is transient and an early rehabilitation and intervention approach can prevent permanent arthrofibrosis. 
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mature patients due to the risk of distal femoral physeal fracture, chondral damage, tendon rupture, or other iatrogenic injuries. 4 Instead, the authors recommend early repeat arthroscopic surgery for screw removal and debridement of anterior scar tissue that may prevent full knee extension. No patient in the current series required adhesionolysis, lateral retinacular release, or posterior capsular releases.
Multiple clinical and biomechanical studies have compared screw fixation and suture fixation with variable results. 21, [27] [28] [29] The current authors favor screw fixation because it is technically simple and provides rigid fixation. Suture fixation is technically demanding and might place fixation across the proximal tibial physis with the potential for growth disturbances. Similar to screw fixation, suture fixation has also been associated with arthrofibrosis. [2] [3] [4] 17, 30 The current authors reserve the use of suture fixation for small or comminuted tibial spine fracture fragments (type IV, as described by Zaricznyj 31 ), which were not part of their study. The authors do not have experience with other reported methods of fixation, including retrograde screws, 32 headless screws, 33 epiphyseal suture fixation, 34 or bioabsorbable fixation. 35 At the time of index surgery, it should be confirmed by visualization and fluoroscopy that the fracture reduction is anatomic and that there is no impingement of the screw head on the femoral condyle or trochlea. 18, 36 If there is impingement, the screw should be repositioned ( Figure  4) . During repeat arthroscopy, none of the current patients had chondral damage from a prominent screw.
The epiphyseal screw has the advantage of not violating the proximal tibial physis; thus, it can be retained without the need for subsequent surgery to remove it. If the purchase of the screw in the epiphyseal bone is inadequate, it may lead to loss of reduction and malunion, as seen in one of the current patients. Biomechanical studies have shown that screw pullout is a common failure mode after tibial spine fracture fixation. 28 To prevent such loss of reduction, immobilization may be considered until the fracture heals, although this would defeat the purpose of internal fixation and may lead to increased stiffness. With the transphyseal screw, adequate compression can be achieved across the fracture site, and early range of motion can be started. In the current study, the median time between surgery and physical therapy was 7 days for the transphyseal group and 26 days for the epiphyseal group ( Table 2) . Regarding the secondary goal of this study, there was no statistically significant difference in final range of motion between the epiphyseal and transphyseal groups. The limitations of such a conclusion should be realized due to the small number of patients in each group, multiple surgeons, retrospective nature of the study, and selection bias because those with poor epiphyseal screw purchase were exchanged for a transphyseal screw. Furthermore, there may be some surgeons who attempt to treat certain type II tibial spine fractures with closed reduction and cast immobilization, although the authors routinely recommend internal fixation for all displaced fractures.
The disadvantage of the transphyseal screw is the potential for growth disturbances and resultant deformity when retained in skeletally immature patients, as the screw traverses across the proximal tibial physis. 37, 38 Screw removal necessitates a second surgical procedure but is recommended for various reasons. Kocher et al 10 reported 6 skeletally immature patients treated with arthroscopic reduction and epiphyseal screw fixation, with screws removed between 8 and 12 weeks due to concerns of permanent intra-articular metallic hardware in younger patients. Senekovic and Veselko 12 removed the screw in all patients at a mean of 11.7 weeks to allow for possible use of magnetic resonance imaging in the future, based on patients' request, and due to the ease of the procedure. Reynders et al 11 recommended screw removal after 4
The development of permanent arthrofibrosis may be multifactorial, with age, sex, genetic factors, timing of surgery, and prolonged immobilization being the contributing factors. 8, [21] [22] [23] [24] [25] Several studies on the anterior cruciate ligament (ACL) have reported decreased rates of arthrofibrosis when ACL reconstruction is delayed for 3 weeks. 5, 8 For management of displaced tibial spine fractures, a delayed surgery may make reduction difficult. The earlier surgical intervention for management of these fractures may be partly responsible for excessive hemarthrosis, inflammation, scarring, and arthrofibrosis. Baxter and Wiley 1 postulated that the extension loss is secondary to cartilaginous changes of the tibial spine. Another theory is the enlargement of the tibial spine after injury due to increased blood supply from the attached ACL, during its healing stage. 1 During arthroscopy in patients with arthrofibrosis after ACL reconstruction, Fisher and Shelbourne 8 consistently observed and excised a ring of hypertrophic fibrous tissue around the ACL at its tibial attachment site and frequently had to excise the fibrotic anterior fat pad.
The methods of early intervention for prevention of permanent arthrofibrosis after ACL reconstruction in adults include an overpressure program, serial extension casting, and manipulation under anesthesia. 20, 26 The current authors do not recommend such intervention in skeletally im- months to avoid the risk of long-standing fretting corrosion between the screw and the washer. The current authors recommend removal of all transphyseal screws to avoid growth disturbances and removal of symptomatic epiphyseal screws when the fracture is healed, typically approximately 3 months after the index procedure. They do not recommend routine removal of epiphyseal screws in asymptomatic patients but would continue to follow these patients for concerns raised in other studies.
conclusion
The results of this study suggest that an aggressive approach of postoperative rehabilitation and early intervention after arthroscopic reduction and screw fixation of tibial spine fractures in children can successfully prevent permanent arthrofibrosis. Motion loss, especially loss of extension, can be evaluated and treated during repeat arthroscopy at the time of screw removal. Parents should be counseled preoperatively about the possibility of motion loss and the need to return to the operating room for screw removal. There were no permanent growth disturbances after transphyseal screw removal.
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